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CALORIMETRIC DETERMINATION THE AVERAGE 
KINETIC ENERGY THE FRAGMENTS FROM FISSION! 


ABSTRACT 


The average heat thermal-neutron induced fission has been measured 
differential calorimeter. The average energy per fission observed the 
calorimeter was Mev. the basis the the calorimeter 
materials and the theoretical energy loss equation, the energy per fission ob- 
served the calorimeter Mev. and, the same basis, the and 
neutron energy observed negligible. The resulting 167.1+1.6 Mev. for the 
average kinetic energy the fission products shown good agreement 
with less direct determinations this quantity. 


INTRODUCTION 


Whitehouse (11) has pointed out his review article fission, the fission 
process results the emission particles, rays, neutrons, and fission frag- 
ments. These fission fragments have wide range masses and velocities. 
addition, the nuclear charge fission fragments given mass not fixed 
and, similarly, the effective charge the fission fragments motion vari- 
able. 

result these complexities, energy measurements the fission process 
have resulted rather large variations the measured fission energy. Many 
ionization chamber measurements have been made the kinetic energy 
the fission products, most recently Brunton and Hanna (2) and Wahl (9), 
but these determinations energy are much lower than that made Leach- 
man (7) from the velocities the fission products. The difference between the 
energy determined ionization and velocity has been explained the basis 
ionization defects Knipp and Ling (6). 

addition, the average kinetic energy the fission fragments has been 
calculated from the mass equation fission Leachman (7). These calcula- 
tions were recently confirmed Dube and Singh The calculated energy 
good agreement with the energy determined from velocity measurements. 

Although calorimetric determinations fission energy avoid the difficulties 
variations mass, charge, and velocity encountered the above measure- 
ments and any energy measurements deflection techniques, the calori- 
metric measurements have the uncertainty the amount and neutron 
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energy fission that observed the calorimeter. For this reason both the 
early measurement Henderson (4) and the recent measurement Meem 
(8) are difficult interpret. The purpose the present calorimetric measure- 
ment determine the heat fission with small uncertainty regard 
the and neutron energy observed. 


CALORIMETER 


differential type calorimeter employing null indication for heat measure- 
ment used the present measurements. determine both the heat pro- 
duced the fissions and the number fissions producing the heat, combina- 
tion calorimeter and fission pulse counter used. Although desirable 
irradiate large mass uranium with neutrons increase the fission heat, 
the uranium thickness introduces difficulties neutron absorption the 
uranium. reduce these absorption difficulties and obtain two simultaneous 
monitorings the number fissions, the calorimeter was designed provide 
equal neutron flux incident monitor foils uranium both sides the 


uranium metal. 


Fic. Schematic diagram the position the calorimeter the thermal column the 
reactor with the reactor sphere the right. 


Shown Fig. schematic diagram the position the calorimeter 
the north thermal column the Los Alamos Homogeneous Reactor, which 
has been described King (5). shown the figure, the calorimeter 
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separated from the sphere the reactor, which contains the reacting uranyl 
nitrate, in. bismuth and surrounded other sides graphite and 
paraffin. Surrounding the calorimeter jacket 1/64-in. cadmium with 
2-in. diameter windows the sides parallel the monitor foils. this 
means, only neutrons that are nearly normal angle incidence irradiate the 
uranium metal the cells the center plate the calorimeter. Measurements 
made with the calorimeter and earlier measurements made activation 
indium foils indicate that the neutron fluxes through the two windows are 
equal within one per cent. 

The two outer plates the calorimeter chamber are the collection plates 
the two ionization chambers. Electrical leads these plates (not shown 
the schematic diagram Fig. through paraffin the counting apparatus 
outside the reactor. Amplifiers the Los Alamos 101-A design and scalers 
the Los Alamos 750 design were used count the fission pulses. 

The center plate the calorimeter shown greater detail Fig. Two 
calorimeter cells are mounted this plate, one containing metal and the 


HEATER 


MONITOR FOIL 
Fe-CONSTANTAN THERMOCOUPLES 


Fic. The center plate the ionization chamber the calorimeter with exploded 
view the active calorimeter cell. 


other containing metal. The cells are 7/8 in. diameter and are mounted 
thin mica rings diameter holes the plate, which 2-5/8 in. 
each side. The mica was coated with Aquadag and 0.001-in. platinum wire 
between the calorimeter cells and the plate assured equipotential surface. 
The cells were covered 80-mgm./cm.? platinum, thickness that opaque 
fragments from the heater. Deposited the platinum covers the 
cell were accurately determined monitor masses 0.7 
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The chamber was filled ~15 p.s.i. argon plus few per cent 
potential 300 was applied across the plates the chamber for fission 
counting. 

The heaters the calorimeter cells were fabricated from 0.001-in. uranium 
metal sliced provide continuous strip with resistance ohms. The 
sliced uranium strip was folded back itself form pad four layers thick 
and 0.5 in. side. For the electrical connection the heaters, short leads 
copper wire were copper plated onto the ends each heater and these con- 
nected the edge the cell 0.016-in. nickel wires which led the seals 
the calorimeter case. Nickel wire was chosen compromise between heat 
loss and power loss considerations these leads. The metal the heater 
was 93% isotopic abundance and the mass the metal was 0.22 gm. 
Insulating varnish covered the uranium metal, and the heater weight with this 
insulation was 0.29 gm. The balancing cell the calorimeter contained 
metal high isotopic abundance and similar mass and resistance. the 
position the calorimeter the thermal column, the neutron spectrum 
sufficiently thermalized that the fission rate negligible. 

the measurements, the fission heat generated the cell was matched 
equalize the temperature the two cells. Any temperature difference 
between the two cells was indicated 10-junction differen- 
tial thermocouple connected null reading galvanometer outside the reactor. 
After the fission rate had been determined fission counting and the balanc- 
ing power the cell had been determined, the neutron flux was decreased 
factor and electrical heat was substituted for fission heat the 
cell. This electrical heat required for null indication the measure 
the fission heat observed the calorimeter. Precision voltmeters and am- 
meters were used measure the power supplied the cells. 

Measurements with the calorimeter indicated that the time constant for 
increase decrease the calorimeter temperature was ~55 sec. The time 
constant the null galvanometer was 1.5 sec. Further, the calorimeter sen- 
sitivity was found 0.18 mw. for deflection the galvanometer. 
With the ~46-mw. fission heat, this represented 0.66 Mev. per fission for 
mm. deflection the galvanometer. the design the calorimeter effort 
was made have the heat loss from each calorimeter cell the surroundings 
equal. Unequal heat losses require changes the power supplied the 
cell compensate for changes the calorimeter case temperature under 
conditions when power the cell constant and the cell temperatures 
are equal. For each degree change the calorimeter case temperature, the 
unequal heat losses were found require ~0.03-mw. change the difference 
between the powers the two cells for temperature balance. Since the 
temperature the calorimeter case varied <0.5°C. during the measure- 
ments, error only 0.03% from this cause possible. 


RESULTS 


typical bias curve the fission pulses from monitor foil shown Fig. 
result background conditions the chamber and irregularities the 
surface the monitor foil, the fission rate the monitor foils decreases with 
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increasing bias the scalers. The masses the monitor foils were determined 
separate measurements comparing the fission rates these foils with those 
standard foils made quantitative electrodeposition when both are irradi- 
ated simultaneously the same neutron flux. The position the reactor 
and the design the twin ionization chamber used for the comparison fission 
counting were both similar the conditions shown Fig. the comparison 


MONITOR FISSIONS PER SECOND 


5 10 25 30 35 


20 
BIAS VOLTAGE 


Fic. typical plateau curve resulting from integral counting fission pulses greater 
than the indicated bias. The linear extrapolation zero bias indicated. Statistical un- 
certainties are the size the datum points. 


fission counting, similar change fission rate with bias was encountered 
for the monitor foils, while the bias curve the standard foils changed less 
than one per cent. this basis the uncertainty the interpretation the 
shape the bias curves effectively avoided referring the extrapolated 
counting rates the monitor foils that the standard foil. 

Throughout the course the many measurements made with the calo- 
rimeter, several determinations the mass the monitor foils were made 
comparison with standard foils. However, the masses the monitor foils 
the time the fission heat measurements were used the determination 
the fission energy. Nevertheless, the masses the monitor foils were repro- 
ducible within three per cent even though the masses could change through 
the handling necessitated the mounting and dismounting for these mass 
measurements. The mass determinations, which were spaced over period 
months, are all listed chronological order Table along with the 


TABLE 
DETERMINATIONS THE MASS THE MONITOR FOILS 


Standard foil Monitor No. Monitor No. 
mass mass mass 
(ugm.) (ugm.) (ugm.) 
0.13477 0.7256 0.7425 
0.13501 0.7211 
0.13439 0.7195* 
0.13439 0.7190 


*Values used for fission heat determinations. 
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masses the standard foils used for comparison. The fission energies calculated 
from these two monitor masses always agreed within agreement which 
indicates that the relative masses the monitors are correct. separate 
measurements the masses the standard foils have been confirmed other 
means, such counting and weighing. 

the determination the energy per fission observed the calorimeter, 
several corrections, each less than one per cent, were necessary. The back- 
ground rate the fission chamber, presumably due uranium contamination 
the chamber and pile-up, was measured covering the monitor foils and 
found ~0.5% the fission rate from the monitor foils. The electrical 
energy deposited the nickel leads between the heater and the seal through 
the calorimeter case and also the copper leads from the calorimeter case 
the meters the outside the reactor was 0.5% the measured power 
supplied the heater. Because the neutron absorption the 
heaters and, lesser extent, the platinum the monitor foils, the neutron 
flux observed the monitor foils was 0.4% higher than the average flux 
the heater. The neutron attenuation through the cell was determined 
from the relative fission rates the monitor foils when windows the cad- 
mium jacket around the calorimeter were alternately closed. The measured 
fission rates the monitor foils were increased 0.6% compensate for the 
fission pulses lost the input resolving time the model 750 scalers. 
The mass the monitor foils used the calorimeter was compromise 
between this loss and the desire have large monitor mass reduce possi- 
bilities contamination handling. 

Twenty-seven determinations the heat fission were made this 
calorimeter, but most these were taken under questionable conditions. Five 
determinations were made under apparently ideal conditions. Four these 
runs were made with the same gas filling the chamber, for which only one 
bias curve was measured. the evaluation the data, the remaining run 
with the separate bias curve was weighted twice heavily these four. 
These data indicated 170.1 Mev. per fission observed the calorimeter with 
uncertainty +1.0 Mev. per fission (95% confidence interval). This energy 
includes the above small corrections. When the estimated uncertainties 
these corrections and the uncertainties the monitor masses are included, the 
composite uncertainty the measured energy +1.2 Mev. per fission. 


DISCUSSION 


The amount the energy the fission particles, rays, and neutrons 
observed the calorimeter taken into account. Way and Wigner (10) 
show that, the average, six particles are emitted the decay the 
fission products each fission event. For the energy fission product 
decay, Bethe and Ashkin (1) show theoretical considerations that dE/dx 
platinum and uranium. this basis, the average 
loss each particle the calorimeter, under the assumption isotropic 
emission uniformly through the uranium, estimated ~0.29 Mev. 
Similarly, the average loss the uranium ~0.21 Mev. Way and Wigner (10) 
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calculate that the rate energy loss particles 5-10 min. after fission 
(when the fission energy was determined electrical power substitution) 
negligibly small compared the energy loss during the period neutron 
irradiation. Similarly, the basis their calculations, the 10-30 min. period 
irradiation the the measurements results nearly complete 
build-up the activity from fission. result, estimated 0.50 Mev. 
lost the calorimeter each particle and Mev. energy for each 
fission event observed the calorimeter. The energy the fission rays 
and neutrons observed the calorimeter can shown negligibly small. 

With the estimated energy subtracted, the average kinetic energy the 
fission fragments thermal-neutron induced fission 167.1+1.6 Mev. 
This result agrees with Mev. for fission determination from velocity 
measurements Leachman (7). significantly larger than the ionization 
chamber determinations 154.7 and 149.9 Mev. per fission Brunton and 
Hanna (2) and Wahl (9), respectively. 

The agreement with the early calorimetric observation 177 Mev. per 
fission Henderson (4) satisfactory. Henderson estimated that 
12+6 Mev. energy was observed his calorimeter, estimate which 
seems high the basis the calculations Way and Wigner (10). More 
recently, the fission energy deposited fuel element the Oak Ridge 
Bulk Shielding Reactor was determined Meem (8) Mev. per 
fission. This measurement, however, has the uncertainty the amount 
energy observed and uncertainties the cross sections gold activation 
and uranium fission involved the measurements. 

the basis the uncertainties the masses and neutron binding energies 
used the calculations, the 170 and 171.2 Mev. per fission calculated from the 
mass equation fission Leachman (7) and Dube and Singh (3) respectively, 
are satisfactory agreement with the 167.1+1.6 Mev. per fission the present 
determination. 


ACKNOWLEDGMENTS 


The authors wish acknowledge the co-operation Mr. Knobeloch 
the comparison fission counting the monitor foils. The assistance 
Mr. Collins early work with fission calorimeters appreciated. 


REFERENCES 


Betue, and Experimental nuclear physics. Vol. John Wiley Sons, 
Inc., New York. 1953. 

Brunton, and Hanna, Can. Research, 28: 190. 1950. 

M.C. Phys. Rev. 1940. 


Washington, D.C. 1951. 
Phys. Rev. 95: 126. 1954. 
10. Way, and Phys. Rev. 73: 1318. 1948. 
Progr. Nuclear Phys. 120. 1952. 


‘ 


RECORDING MAGNETIC 


ABSTRACT 


The circuit and detecting head electronic recording magnetic variometer 
are described. The apparatus will give continuous and immediately observable 
values variations magnetic field small oersted, necessary. 


INTRODUCTION 


Electronic instruments for measuring small magnetic fields, required 
for air-borne magnetic surveys, have been described the literature, for 
example Bailey (1) and Wyckoff (4). However there does not appear have 
been published complete description electronic magnetometer designed 
measure the changes the earth’s magnetic field one place. Described 
below recording magnetic variometer for use recording continuously 
day after day the variations each the three components the earth’s 
magnetic field. the design this apparatus the authors are indebted 
Dr. Serson the Dominion Observatory, Mr. Serson the Defence 
Research Board, and Mr. Bailey the National Research Council, for use 
unpublished developments this field. 

instrument required which will measure variations magnetic field 
sensitivity about one gamma. gamma oersted.) Normally 
the instrument will operated about one tenth this sensitivity 1000 
gammas full scale the recording meter; the extra sensitivity required 
study micropulsations and other minor magnetic variations. The classical 
suspended magnet magnetometer will achieve the required sensitivity; 
however delicate instrument and since records reflection alight 
source sensitized paper, darkened room required house the apparatus. 
The record must then processed before can examined. 

The saturating core electronic type magnetometer has moving parts. 
can provide more than enough sensitivity. When used measure 
variations magnetic field there are very few special requirements for 
adequate setup. firm base for the detecting head and reasonably constant 
ambient temperature are all that necessary. Stationary masses metal 
magnets the vicinity the head will not affect the recording variations 
the earth’s magnetic field. They merely introduce constant 
external magnetic field which may cancelled compensating field. 
assume, course, that magnetic potentials point are additive and 
thus also are the components magnetic field. 

The apparatus consists detecting head, amplifying circuit, and 
recording meter. 500 cycle oscillation applied two oppositely wound 
primary coils, each having high permeability cores. external magnetic 
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field detected single secondary winding 1000 cycle oscillation. This 
signal rectified phase sensitive detector and used control the current 
additional winding which reduces the magnetic field the cores 
zero. The amount this current indicated the recording meter. 


THE DETECTING HEAD 
The detecting head illustrated cross section Fig. 
(a) The 
The primary coil consists two similar single layer coils (600 turns each 


#36 wire) wound closely around two glass tubes (1/16 in. O.D., 
in. long) each containing length 0.01 in. permalloy wire. The two 


Primary 


Secondary 


Feedback 


Bucking 


INCHES 


Fic. Diagram detecting head (approximately scale). 


windings are opposition that the fields due currents flowing the 
primary coils are equal and opposite. order ensure this, was necessary 
match the two permalloy cores carefully that they were equal length 
and produced complete cancellation. 

The feedback coil, single layer (500 turns wire), wound the coil 
form outside the primary cavity. The sensitivity the apparatus varied 
adjusting the amount feedback current. 

The secondary coil wound the middle in. the coil form (8000 
turns #36 wire). Being short, should more sensitive flux changes 
the permalloy core than full length secondary coil. 

The bucking coils (4500 turns each #36 wire) provided cancel out the 
average external magnetic field are wound either side the secondary 
and are connected series. 


(b) The Permalloy Cores 

Correspondence with Mr. Ganz the Bell Telephone Laboratories 
and Dr. Green the Brookhaven National Laboratories led the 
following procedure for making the permalloy cores. 

length standard 1/4 in. Vycor glass tubing (melting point about 
1500°C.) was drawn out 1/16 in. outside diameter. piece 0.01 in. 
Mo-permalloy wire, obtained from the Bell Telephone Laboratories, was 
threaded through the tube. Helium gas was passed through the tube while 
the wire was heated red through the glass help drive off the impurities. 
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The tube was then drawn apart and sealed off 3-in. intervals. Since the 
melting point the permalloy about 1100°C., the wire separated before the 
glass melted and sealed off. order remove mechanical strains the cores 
they were heated 1000°C. furnace and then allowed cool 40°C. 
per hour. This annealing resulted cores with high permeability and 
detectable residual magnetism. 


THE CIRCUIT 


The electronic circuit illustrated Fig. The oscillator circuit, adapted 
from one described Reference (2), oscillator operating about 
500 cycles per second. The exact frequency not critical. has low second 


Secondary Amp. Phase Sens. Detector Amplifier 


From Secondary 


Se ° 


Oscillator 


+250V 
Bucking 
60K 
: 470K To Primary 
To Bucking Coll 


| 


Fic. Recording magnetic variometer. 


harmonic output which very desirable this application. 1000 cycle 
output (double the primary frequency) for the phase sensitive detector 
available the cathodes. The adjustable cathode resistor ensures good 


shape for the oscillator. 


The 500 cycle oscillation applied the primary coils the detecting head. 
When external magnetic field present, signal detected the 
secondary, the primary coils are similar and oppositely wound. When 
external field does exist, the primary applied magnetic field shifted with 
respect the hysteresis loop the permalloy cores. the cores operate 
opposite phases, the resultant magnetic flux produces signal which detected 
the secondary double the primary frequency. This amplified and 
compared with double the oscillator frequency phase sensitive detector. 
The resultant voltage amplified d-c. amplifier. The operating levels 
the phase sensitive detector tube and the d-c. amplifier tube are balanced 
means the variable resistors their respective circuits. The difference 
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plate currents the d-c. amplifier used (a) provide feedback current 
the feedback winding the detecting head, (b) operate 0-1 ma. 
recording meter. The meter deflection calibrated read intensity magnetic 
field directly gammas. 

The feedback current is, course, arranged oppose the external magnetic 
field that the whole circuit operates null. The ‘‘feedback 
over for normal operating sensitivity, and the feedback current less 
than 0.2 ma. The feedback ratio refers the ratio the recording meter 
scale deflection for applied field the order 100 gammas without feed- 
back that with feedback applied. For good stability this ratio should 
satisfactory when operating the apparatus sensitivity 1000 gammas 
full scale. The value the feedback ratio depends upon (a) the make-up 
the detecting head, the length the permalloy cores, and the dimensions 
and number turns each the coils, (6) the amplification the detector 
circuit, the shapes and amplitudes the primary oscillations and the 
reference oscillations, the operating sensitivity the whole apparatus, 
which adjusted the amount current fed back the detecting head. 
The feedback current varied means series potentiometer that the 
sensitivity the apparatus immediately adjustable. The circuit may 
used without feedback when long term stability not required. this state 
magnetic fields the order one half gamma can readily measured. 

The bucking current obtained dividing down the voltage from 5651 
voltage regulator tube. The tube mounted thermally insulated can 
shut out the light and eliminate any possible effects the voltage regulation, 
sharp temperature variations. The bucking current Saskatoon 0.135 
ma. for the horizontal north-pointing component (13,400 gammas Saska- 
toon). Owing the simplicity its circuit, constant voltage rather than 
constant current applied the bucking coil. 24-hr. run variations 
due the bucking circuit are less than gammas when the apparatus 
operated sensitivity 1000 gammas full scale. temperature variation 
5°F. the detecting head does not produce much gammas variation 
when operating the same sensitivity. 

commercial regulated power supply used operating through constant 
voltage transformer, from the 110 volt line. The former regulates the applied 
high voltage, while the latter maintains constant voltage the filaments. 


CALIBRATION 


The sensitivity the magnetometer checked means Helmholtz 
type coil consisting two single turn loops, each cm. radius and placed 
cm. apart. For calibration the pair loops placed over the detecting 
head and direct current passed through the two loops series. calculated 
that current 17.1 ma. corresponds field 100 gammas the center 
the Helmholtz pair. The field the center one the loops 1.5% 
less than the center the pair that current 17.2 ma. per 100 gammas 
used for calibrating the magnetometer. 
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MEASUREMENTS THE EARTH’S MAGNETIC FIELD 


Continuous records variations the earth’s magnetic field have been 
made for some time Saskatoon. The expansion the recorder time scale 
variable. record ft. paper per day, the same order that used 
permanent magnetic stations, sufficient present. sensitivity 1000 
gammas full scale (about three inches paper) satisfactory except very 
disturbed days. This about one third the sensitivity used permanent 
magnetic stations. Owing the fact that the recording paper strip 
(requiring processing before examination) the records have been used 
successfully Saskatoon predict from the magnetic field variations during 
the afternoon the occurrence bright auroral displays during the coming 
night. The main use the magnetic records has been for correlation with 
ionospheric and auroral light variations (3). 
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THE BETHE-SALPETER EQUATION FOR MANY-BODY 


ABSTRACT 


The mathematical technicalities involved reducing the 
equation the Schrodinger form wave equation are simplified means 
formal modification the interaction process for systems many particles. 
This also makes possible carry out the reduction unique manner. The 
consequences the modification are clearly explained, and shown that for 
atomic systems numerical results remain unchanged order There would 
seem some grounds for believing that numerical results remain unchanged 
all orders, but formal proof this has been achieved. 


INTRODUCTION AND SUMMARY 


relativistically covariant equation for the bound states two particles 
which interact through quantized field has been derived Bethe and 
Salpeter (8) and its fundamental basis has been investigated Gell-Mann 
and Low (5). More recently Hamilton (6) has derived equivalent results 
making more ample use S-matrix theory. The equation has become known 
the two-body (or more simply BS) equation. order 
make ready comparison with previous results, procedure must found for 
reducing the Schrodinger form wave equation, with spin and rela- 
tivistic corrections contained the terms the new hamiltonian. Such 
procedure has been given Salpeter (7) and used evaluate small corrections 
the fine-structure hydrogen. The static Coulomb interaction considered 
suitable first approximation the full two-body interaction, while 
appropriate perturbation method enables the inclusion retardation and 
higher-order effects. 

The equation for three interacting particles, whether fermions bosons, 
can written down analogy. Wentzel (9) has considered the case three 
interacting fermions; but the effect Foldy-Wouthuysen (4) transformation 
the equation eliminate spin and relativistic corrections. 

further and stronger objection the Wentzel reduction that 
not necessarily unique. The reduced form valid only one assumes certain 
forms for the functions x,, and the formalism does not permit the verification 
otherwise the assumptions made. Moreover, the resulting perturbation 
method somewhat tedious. 

The first objection can overcome careful introduction the Casimir 
projection operators employed Salpeter. This done Section 
this paper. The resulting equation has been applied the study corrections 
electrodynamic origin the energy levels the ground states several 
small atoms, and the results this study are being submitted for publication 
the Canadian Journal Physics the form Note. 

The purpose this paper overcome the second objection giving 
method which complete all the above respects, and for which claimed 


1Manuscript received December 1954. 
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the additional advantage simplicity. The procedure involves formal 
modification the simplest two-body interactions only, introducing what 
are called instantaneous delta-interactions, i.e. fictitious interactions involving 
delta functions. 

The formalism can readily extended treat systems four more 
interacting particles. 

The modification introduced and its consequences fully discussed 
Sections and while shown Section that the case atomic 
systems the new method gives results which are equivalent order those 
given the conventional method. has also been found from the calculations 
energy levels small atoms mentioned above that the cases considered 
the new method gave results equivalent order a*. However, proof 
complete equivalence has been arrived the present writer. 


TWO-BODY EQUATION 


Before reducing the three-body equation necessary first treat 
the two-body equation method which avoids the use the so-called 
center-of-mass system. the two-body problem one replaces the particle 
coordinates the total and relative coordinates. the n-body problem, 
however, there relative coordinates from which select 

n—1 independent ones; and any selection the symmetry the 
transformation. 

convenient for the present purpose divide momentum from energy 
variables: instead four-vectors use (p, where denotes 

momentum space the equation for two fermions distinguished 
subscripts and is: 


where particle has momentum-energy and particle has momentum- 
energy and are Dirac free-particle hamiltonians 


For electromagnetic interaction between charges and —e, 

The first member the right-hand side this equation describes longi- 
tudinal photon exchange, and the second the effect retardation. Thus, 
writing down matrix elements, equation [3] allows complete mathematical 
separation these two types exchange. Diagrammatically this separation 


achieved using time-ordered Feynman graphs, the first number corre- 
sponding instantaneous exchanges. 
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Equation [1] must used determine the eigenvalues and eigenstates 
total energy where 
The constraint [4] assumed hold throughout what follows. Moreover, 
the reduction carried out the first instance neglecting the retardation 
part G(k, which restored subsequently appropriate perturba- 


tion method. 
With this approximation, define wave function which depends only 


the total energy, viz.: 
consequence equation [1] can rewritten: 
where interaction operator, defined 


Now introducing the Casimir projection operators corresponding each 
particle 


where 


and writing 
the following relations can derived with the help the Feynman rules for 
fixing the poles all propagators that occur: 


These can summed with the help the identity 


yield finally: 
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Equation [12] the required eigenvalue equation for the usual wave- 
mechanical form. However, the frame reference which measured 
yet specified. terms center-of-mass coordinates, 


reduces identically the form derived and discussed Salpeter. 


PERTURBATION METHOD 


The term G(k, includes only those graphs describing single iterated 
photon exchanges; that perturbation method needed not only restore 
that part equation [3] which has been omitted far, but also take into 
account the other graphs that are relevant the two-particle scattering 
process. The procedure given now simpler than others previously 
suggested, and enables the convenient representation each additional 
contribution direct change the hamiltonian. 

The following required. Combining equations [6] and [12]: 


where 


that selecting components only (i.e. correct order being the 
fine-structure constant) 


Consider now the general situation where equation [1] depends 
The function occurring under the integral sign can replaced according 
[13], and consequently the can carried out full. This 
leads equation type [6] which can reduced before. For G-terms 
representing small corrections unnecessary retain any but the com- 

The G-term arising from particular process most readily written down 
from consideration the corresponding Feynman graph. the graph involves 
photon exchanges, then the matrix element can separated into parts 
the manner equation [3], and each one these parts will relate 
particular set time-ordered graphs which defines obvious way. 

For example, consider the irreducible Feynman graph Fig. 1A. 
restrict the photons and longitudinal (i.e. instantaneously exchanges), 
then there are two and only two ways which the process can take place, 
namely according the time-ordered diagrams Fig. and Fig. 


tFig. and Fig. might called the time-ordered Fig. 1A. This nomen- 
clature will used Section 
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\ 

Fic. 


The appropriate change equation [1] is: 


where describes the double longitudinal exchange, viz.: 


and and are the propagators 


the summation being taken over and (For purposes simplicity 
G-terms considered earlier are omitted from the right-hand side the last 
equation [14].) 

Equation [14] contains contributions from both Fig. and Fig. 1C. 
order separate them still further multiply the expression curly 
brackets the identity [11]. The Dirac matrices are thereby removed from 
the denominator, since 


Selecting first the contribution A_*A,°, the right-hand side equation [14] 
becomes: 


where and the momentum arguments are dropped for purposes 
simplicity. 
Next must substituted for the integral. The integrations over 
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and can carried out, yielding equation the form [6]. Proceeding 
from that point before, obtain finally addition the hamiltonian, 


The contribution can now written down from symmetry. These 
two and similar expressions will required subsequent paper. 

The customary association the plus and minus Casimir projection opera- 
tors with electrons propagating positive-energy and negative-energy states 
respectively would suggest that [16] the full contribution from the process 
represented Fig. 1B, and that similar remark holds good for Fig. 1C. 
However, there other possible description the process; that with 
this interpretation, both contributions and should vanish 
identically. will now shown that they do. 

Returning equation [14] the contribution gives the right-hand 
side 


—, T’. 


Substituting for found that expression the following form must 
integrated over and 


For the term the analogous form is: 


Because the arrangement the poles and both integrals vanish. 

practice the interpretation can put considerable use. For example, 
the matrix element for any complex higher-order process can always broken 
down into parts the above manner with the help equations like [15]; 
that quite often many parts can discarded without calculating them, 
simply comparing them with the time-ordered components with which 
they are associated. Section this interpretation will frequently made. 
every case has been verified detail. 


MANY-BODY PROBLEM 


The obstacle treating the Wentzel (9) problem mathematical one. 
The basic interactions are two-body interactions, i.e. interactions which 
only two the particles take part, and result the matrix elements con- 
sidered not contain the same number propagators for each particle. 
Details need not given here. The difficulty overcome modifying 
the two-body interactions manner that will now explained. 

Consider first the three-body problem; more strictly, the problem three 
fermions interacting through the quantized electromagnetic field. the fer- 
mions are distinguished subscripts and then the basic graphs repre- 


i 
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sent (i) photon exchange between and with running free, (ii) photon 
exchange between and with running free, and (iii) photon exchange 
between and with running free. refer the related G-terms respect- 
ively and The lines now introduced describe fictitious 
photon exchanges, the G-term photon momentum- 
energy (k, being These are incorporated according the following 
convention: for each G,, exchange add line for each exchange add 
line and for each exchange add line Finally, the additions must 
made such way that the 6-line begins the end the G-line shown 
Fig. When time-ordering considered, the exchange fictitious 
photon must regarded instantaneous, since the corresponding G-term 
independent the photon energy. (The graphs Fig. are not time- 
ordered.) 
The three-body equation now takes the form: 


where, for example, 


and 
1 ¢ 
[18] (k, €) = + ) 


the electric charges the respective particles being and 

Equation [17] can treated manner exactly similar that Section 
Subject obvious extension equation [4] define wave function 
dependent only the total energy: 


This leads to: 
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where 


3 


With the help the various Casimir projection operators obtain finally: 

the momentum arguments and being omitted for purposes simplicity. 


the non-relativistic limit equation [20] obviously reduces the usual 
Schrodinger equation, provided course that the center-of-mass frame 


specified, viz.: 


Furthermore the extension the above systems four more fermions 
immediate. the four-body problem, for example, must introduce two 
fictitious photons for each two-body interaction and the same cyclic order. 


Fic. 


shown Fig. each must begin the end the previous line. 
For the remainder the paper, therefore, only the three-body problem need 


discussed. 
For the perturbation method require the analogue equation [13], 
and this obtained from equations [19] and [20], viz.: 


where 


ete. 


proceed evaluate the correction arising from the second member 
[18], which has been omitted far. Reinstating the appropriate term, equation 
[17] becomes: 
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{E,—H(p;)} V(E\E2E;) 


where 


Other G-terms considered far are omitted for purposes simplicity. 

Substituting for according equation [21], the integration over and 
can carried out immediately. Then, reducing before, but retaining only 
the components and obtain finally: 


where 


before the correction exhibited addition the hamiltonian. 
Before evaluated, the center-of-mass frame reference must specified. 
When this done the leading term readily seen equivalent the 
well-known Breit correction for retardation, while the remainder will 
yield corrections order relative the Breit correction. 

Finally, note that the fictitious photon was introduced for the sole purpose 
making unique the reduction the equation. For this reason affects 
only the basic interactions and iterations them. When considering correc- 
tions due other types graph, therefore, strictly speaking unnecessary 
introduce fictitious photons. Whether they not lead some simpli- 
fication will depend the particular graph under consideration. The discussion 
Section where iterations the basic interactions are considered more 
fully, will suggest what simplification otherwise can expected the 
general case. 


SECTION 


The introduction 6-lines according the convention given above implies 
that the new equation includes only those ladder-type graphs which are 
built from the elementary graphs Fig. 

The point made clear Fig. Fig. 4(i) the usual ladder-type graph 
describing iteration the Within the new framework, how- 
ever, there are two possibilities for the same process, and these are shown 
Fig. 4(ii) and Fig. the former the 6-lines not cross; therefore the 
graph reducible, and its contribution included equation [17]. the 


378 CANADIAN JOURNAL PHYSICS. VOL. 


latter the 6-lines cross; result the graph not reducible, and must 
treated the perturbation method correction equation [17]. Finally, 
the matrix element due Fig. 4(i) the sum the matrix elements due 
Fig. 4(ii) and Fig. 4(iii). 
time-order all the graphs Fig. found that only some the 
time-ordered components (i) are contained (ii), while the remainder are 
all contained (iii), i.e. the essential effect reorganize the time- 
ordering the usual processes. 
Neglecting the retardation part i.e. treating the G-lines instant- 
aneous interactions, Fig. shows the time-ordered components Fig. 4(ii). 


- 
“a wr 
o~ & as < = 
(i) (ii) 
(i) (ii) 
FIG.5 
(ii) 
FIG.6 
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Similarly Fig. shows the time-ordered components Fig. 4(iii). (Note that 
the are instantaneous.) Now, since each these graphs 
ordered, the removal the 6-lines will cause mathematical change its 
individual matrix element; that the time-ordered components Fig. 4(i) 
are the graphs Fig. 5(i) and Fig. left show that the contributions 
from Fig. 5(ii) and Fig. 6(ii) both vanish identically. The result obvious from 
the discussion Section Each these two graphs contains vertices which 
particle makes transition from positive negative energy state (or 
vice versa) and the transition induced 6-interaction. The matrix 
element for graph containing any such vertex must vanish, since after 
integration over energy the vertex gives rise product A,‘(p) 
and from equation [8] this product vanishes identically. 

sum up, Fig. 5(i) included our wave equation [20], whereas Fig. 
not. order find the correction the hamiltonian due the latter 
graph, only necessary select the contribution from the 
matrix element for the graph Fig. 4(iii). Similar results are obtained for the 
iterated and G,, interactions. The three corrections concerned are order 
higher. 

Corrections order arise from analyzing those graphs which describe 
successive exchanges: e.g. and discuss first the ordering 
(see Fig. 7(i)). The converse ordering can course defined and discussed 


~& 
(i) (ii) 
| & qj 


(i) (ii) 


—— 
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similarly. Introducing the there are two topological possibilities 
shown Fig. simple rule can given for drawing them: (i) two 
lines intersect; (ii) and intersect. physical significance can 
attached the intersection other pairs lines, e.g. and 
and Fig. this obvious for the second pair, since the fermion 
line placed between the fermion lines and the graphs are redrawn 
with the fermion line placed between the fermion lines and the remark 
becomes equally obvious for the pair and Other remaining pairs can 

Only the first the graphs Fig. reducible and therefore contained 
equation [17]. The remainder must treated correction. before, 
each them can broken down into two time-ordered components. the 
G-interactions are regarded instantaneous, then one component (i) 
vanishes, and one component (ii) vanishes because products 
arising certain vertices. The two surviving components are drawn Fig. 
where the 6-lines are omitted. Those are clearly the components the usual 
graph that describes the iteration under consideration. Fig. 8(i) survives 
from Fig. 7(i) and therefore already included the equation. the 
other hand, Fig. 8(ii) survives from Fig. 7(ii) and must therefore treated 
correction. order obtain the related correction the hamiltonian, 
only necessary select the component from the matrix 
element for Fig. 7(ii). Analogous corrections arise from studying the ordering 
and other combinations two G-interactions. The results can 
inferred from Fig. 

SECTION EQUIVALENCE ORDER 

this section the treatment the three-body system given Wentzel 
(9) extended include relativistic corrections. Our aim show that 
the case atomic systems our equation [20] equivalent that now 
derived and including terms order The steps used differ 
from those paper only the use Casimir projection operators. 
Equations below correspond immediately equations 
that reference. 

The equation reduced is: 


= Yo3 fia Eote, 


Defining 


obtain: 


j 
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where the subscripts and indicate the use the corresponding Casimir 
projection operators. 
follows from equation [27] that may write 


where 


Omitting from [27] those terms whose numerators involve the arrangement 
poles causes several terms vanish, leaving: 


Setting E(p,) equation [29] and making the transformation 
find: 


The remainder [29] leads equations the type 


[32] x14+++(E1) {E,—E(p,)} {- (E1)}" 6444, 
where 
[33] 


and these can used show with little difficulty that those e-dependent 
terms which were omitted from the right-hand side equation [27] fact 
vanish. 

show first that equations [20] and [31] are equivalent order 
when applied atomic systems. For such systems the wave function 
represented correct order the function Moreover, complex 
interactions involving two more Y-interactions lead corrections order 
higher. Writing 


can break down equation [31] into eight equations follows: 
terms involving etc., 
further terms involving etc. 


s 
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substitute into the first these equations the values given the other 
seven for the remaining components This yields 


where denotes terms involving two more Y-interactions. 

similar treatment equation [20] leads identical form [34] and 
hence our result follows. 

Furthermore, clear from inspection the methods Section 
well the method outlined Wentzel for further extension larger 
numbers fermions that the result [34] will continue hold for both, viz.: 


course the atomic nucleus not general particle satisfying the 
Dirac equation; but correct the order required treat spinless 
particle. The only modifications required are (i) replace the associated 
Casimir projection operators and and respectively, and (ii) 
replace Dirac hamiltonians Schrodinger hamiltonians. 
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SCATTERING ELECTROMAGNETIC WAVES FROM 


ABSTRACT 


One method for solving boundary value problems involving imperfectly 
conducting media assume, for first approximation, that the surface 
currents are the same the media were perfectly conducting. Using this type 
approximation, the problem line source current situated over plane 
surface, with simple type mixed boundary condition, solv ed. For purposes 
otherwise perfectly conducting plane surface treated exact method 
employing elliptic wave functions. The calculations the scattered fields the 
strip the two methods indicate the extent the validity the initial assump- 
tion the approximate procedure. 


INTRODUCTION 


most boundary value problems that arise nature often very 
difficult obtain exact solution usable form. One method often used for 
boundaries imperfectly conducting media assume that the surface 
currents are the same the media were perfectly conducting. This approxi- 
mation enables rather simple solutions obtained for large class 
problems. particular example some practical importance the problem 
vertical antenna over radial-wire mat lying imperfectly conducting 
ground. the calculation the power absorbed the ground usually 
assumed that the total surface currents within few wavelengths the base 
the antenna are the same the ground were perfectly conducting (6). 
This equivalent stating that the tangential magnetic field independent 
the ground conductivity the latter sufficiently high. This perturbation 
type approximation has also been employed calculate the attenuation 
wave guide (2) due the imperfect conductivity the walls. The same 
technique has been formulated recently, very general way, Monteath 
(4) who pointed out number interesting applications. 

One possible way estimate the accuracy this procedure compare 
the results for particular problem solved both the above-mentioned 
approximate method and more exact method. The problem chosen for 
this illustration two-dimensional one. The source line element 
harmonically varying current situated above and parallel plane surface 
which has one-dimensionally varying surface impedance. 


APPROXIMATE METHOD SOLUTION 
this section the problem line source current over conducting 
half-plane with lossy strip formulated. The solution employing perturba- 


tion type approximation then carried out. 
The surface the half-space defined with reference cartesian 
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Fic. strip conducting plane and the coordinate system. 


coordinates (x, The line source current located yo, 2). 
The space homogeneous with electrical constants and whereas 
the surface the lower medium have specified inhomogeneous boundary 
condition such that 


other words the surface assumed exhibit the property surface 
impedance (4). This type boundary condition quite useful treating 
problems absorption radio waves soils, low frequencies. The factor 
proportionality has been termed the surface impedance and 

convenient write the electric field 


[2] 
where the field the line source over perfectly conducting half-space 


Maxwell’s equations, can written Fourier integral follows: 


the problem. Employing the inverse property the Fourier transforms 
follows that 


+c 
Invoking the boundary condition, equation [3] can now rewritten 
+c +a 


The integration with respect can carried out (1) give 


[6] E, (x, y) _ 1) V{(x—-a) +y } H,(a, 0) da, 
where the modified Bessel function the second type. The approximation 
now made that the tangential magnetic field can replaced 


(X,Y) Or 


WAIT: SCATTERING ELECTROMAGNETIC WAVES 385 


the corresponding tangential magnetic field other words, 
assumed that surface currents are the same the plane were perfectly 
conducting. 

When the fields are observed large distance from the plane 
the Bessel function equation [6] can replaced its asymptotic form, 
that 


where has been assumed that over the significant range 
sufficiently far removed from the incident wave essentially plane and 
therefore 
2 sin 


conveniently 


[9] 
where 
+c 


the boundary conducting medium, such the earth’s surface, 
the displacement currents are usually negligible radio frequencies compared 
with the conduction currents and has phase angle 45°. example, 
strip width where has high but finite conductivity such that 


where real when displacement currents are neglected. then follows 
that 


= ~ 12(2/x)' si i 


where the subscript zero indicate that the strip has constant 
surface impedance. 

Another case interest when the surface impedance varies across the 
strip. Although various forms could chosen particularly worth while 
select the functional form employed the next section for more 
exact analysis the problem. The surface impedance function taken 
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After change variable, equation [10] takes the form 


0 


which can expressed terms the Bessel function the first type 
order unity (3). This leads 


should noted that the average value across the varying 
both the constant strip and the varying strip. The values 
selected are and and the values are 0.01 and 0.10. can 
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FIG. 5 
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seen that there close resemblance between the two cases the constant 
and varying strips when equal the average value also interest- 
ing note that the energy scattered the lossy strip quite diffuse but has 
general maximum the forward and upward direction. For low angles 
incidence the scattered field greatly reduced magnitude. 


WAVE SOLUTION 


more exact method now employed for calculating the scattered field 
from the strip. The line source again taken (xo, yo). The field 
which has the proper singularity yo, and solution the wave equa- 


where the Hankel function the second kind, order zero, 
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and 
Considering the nature the geometry the problem, elliptic coordinates 
(u,v) are chosen with foci +d. The equations transformation are 
then 


9 


2, Zo = Zo. 


Solutions the wave equation elliptic coordinates can expressed 
terms Mathieu functions and, employing known addition theorem 
for the Hankel function (5), can seen that 


where are the odd angular Mathieu functions, Jo, and Ho® are the odd 
radial Mathieu functions, and the normalization parameter. The nota- 
tion essentially that Morse and Feshbach (5). Remembering that 


from Maxwell’s equations, follows that the magnetic field component 
the direction increasing 


[18] 


where metrical coefficient given 


The boundary condition now taken 
which equivalent 


wave equation, seen that must constant. Therefore, 
n(v) 

JOm (8d, O)m 


where the prime the radial function indicates derivative with respect 


u=0 
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evaluated writing equation [21] this form, the identity 
has been employed. This constitutes the exact solution the 
problem for this particular boundary condition, which terms the co- 


ordinate 


n(x) 


This, course, the same functional form for n(x) discussed the previous 
section. The distant scattered field from the strip can obtained easily from 
equation [17] the leading asymptotic forms the radial functions 
are employed. Therefore, under the assumption that and are large 


compared with unity, follows that 


where 


and m/no 
The magnitude the function 7(¢) computed from equation [23] shown 
plotted Figs. for the same range and employed the 
previous section. noticed that for the smaller value there close 
correspondence between the approximate curves and the more exact curves. 
When equal 0.1 there some difference, which however not very 
appreciable. Calculations for larger values corresponding more 
poorly conducting strip indicate considerable divergence between the 
approximate and exact formulae. 

interesting note that equation [23] developed into power 
series the first term can readily shown identical the approxi- 


mate result for given equation [13]. 


CONCLUDING REMARKS 


facilitate the analysis this paper, the source has been considered 
infinite line electric current. The radiation patterns calculated 
the basis this model are identical form the far field pattern the 
equatorial plane antenna finite length. The effect the finite length 
the strip not expected impair the patterns any appreciable extent 
long the strip least twice long wide. This viewpoint has 
been substantiated experimentally the study slot radiators cut rec- 
tangular metal plates (7), which the sense equiva- 
lent the finite wire antenna parallel the rectangular lossy strip. 

The particular type surface impedance variation discussed the previous 
section could considered model investigate the effect horizontally 
polarized radio waves propagating over inhomogeneous earth. this case 


7 

| ™ 
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the soil would changing from condition very high conductivity 
zero. 

Finally, can concluded that the perturbation method solution for 
scattering from lossy strip conducting plane justified the strip 
sufficiently well conducting. criterion its validity for this situation 
that the magnitude the surface impedance the lossy regions the plane 
should never exceed 0.1 times the intrinsic impedance free space. would 
therefore expected that this perturbation technique also reasonable 
approximation for other problems which involve highly conducting surfaces 
having more complex distributions surface impedance. 
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NOTES 


NOTE NUCLEAR TEMPERATURES LOW EXCITATION ENERGIES 


Many nuclear reactions which compound nucleus supposed 
formed are treated theoretically statistical methods involving formulae 
for the average density nuclear levels given region excitation. 
simplified thermodynamic scheme the level density excitation 
related the density zero excitation, wo, the equation 


S(E)/k 


where the entropy” 


S(E)/k 


and the determined the nuclear equation 
state. The model degenerate gas yields the equation 


and the well-known level-density formula 


where constant the order A/10 the nuclear radius equal 
ro, with 1.4 cm. Lang and Couteur (10) have pointed 
out that formula this type, with suitable refinements, capable ex- 
plaining many experimental results the region nuclear excitation above 
Mev. the other hand, Cohen (3) has adduced evidence indicate that, 
low excitation energies, the effective nuclear temperature may actually 
decrease with increasing energy, idea which runs counter all thermo- 
dynamic principles. also known that the Fermi-gas formula witha A/10 
gives much too high values for level densities moderate excitation 
heavy nuclei the observed values are employed. 

the purpose this note point out that number experimental 
data relating level densities can brought together with the aid 
working hypothesis that the nuclear temperature effectively constant for 
excitations below about Mev., value given the Fermi-gas equation 
state close Mev. This temperature the order Mev. 
for 1.4 but the value not sensitive the detailed assump- 
tions made. The hypothesis strongly suggested the experiments 
Gugelot (7) the energy distributions neutrons emitted reactions 
high energies; and may also explain certain features the same 
results protons inelastically scattered various elements (8). 

the constant-temperature hypothesis adopted, observed level densities 
medium and heavy nuclei should obey the rule 

E/kT 
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and this relation does, fact, reproduce the behavior heavy nuclei like 
very well, when consider the data Fowler, Kruse, Keshishian, Klotz, 
and Mellor (6) and the spacing slow-neutron resonances such nuclei. 
Moreover, the extensive data Endt and Kluyver (5) levels fairly 
light nuclei are analyzed, found that, the average, the level density 
increases according simple exponential law; the derived temperatures are 
rather higher than those expected, but this may due the existence 
high-energy levels not yet detected. 

one applies the constant-temperature hypothesis the 
nucleons from highly-excited nuclei, e.g. Gugelot’s experi- 
ments photodisintegration processes, one expects the nucleon energy 
distribution basically the form 

with suitable Coulomb-barrier corrections the case emitted protons. 
For example, the energy distribution photoneutrons emitted copper 
exposed bremsstrahlung maximum energy Mev. has been determined 
Dixon and the author, and the results are shown the figure. The 
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Fic. Energy distribution photoneutrons emitted from copper exposed Mev. 
bremsstrahlung. (a) Histogram based 1000 tracks nuclear emulsions. (b) Plot 
against neutron energy 


shape the distribution very similar that published Byerly and 
Stephens (2) and the low-energy part obeys the above relation closely, may 
shown plotting against the neutron energy The straight line 
obtained indicates nuclear temperature 1.2 Mev., agreement with the 
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formula. The data require correction for the effects 27) 
reactions and for the shape the excitation function, but these not 
affect the results materially. high-energy neutron component above Mev. 
the spectrum probably due direct-emission effects. 

The same hypothesis used the photoneutron work, with further 
assumptions, capable explaining the main features photoproton energy 
distributions obtained for aluminum Dawson this laboratory and 
for copper Byerly and Stephens (2). fails account for the high-energy 
components the photoprotons emitted heavier elements, owing, doubt, 
the importance direct-emission processes these cases. 

Although not easy understand why assembly nucleons should 
have effectively constant temperature low excitation energies, might 
attempt interpret the hypothesis terms Beard’s suggestion (1) that 
the number nucleons effective excitation less than the full value 
below certain degree excitation. this so, the effective value must 
increase almost linearly from zero its maximum value over the region 
Mev. This may empirical method for taking into account the effects 
shell-structure the nucleus; these have been considered specifically 
Margenau (11), who, however, dealt only with fluctuations either side 
the level densities predicted the Fermi-gas formula. this connection 
may significant that the calculations Critchfield and Oleksa (4) the 
level structure based the more recent shell theory, yield results 
which are least consistent with simple exponential increase level density 
with excitation low energies. Hurwitz and Bethe (9) have pointed out that 
the different types nuclei require different treatment low energies, and 
the whole concept nuclear temperature obviously limited validity 
this region. Nevertheless, clear from the experimental results that the 
simple hypothesis constant temperature more satisfactory than any 
treatment based strictly the gas formula. 
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THE EMISSION THE ‘\4050 BANDS AND VIOLET 
CONTINUUM OXYACETYLENE FLAMES 


INTRODUCTION 


Bands the region 4050 have been observed emission the spectra 
comets (7) and absorption the spectra N-Type stars (9). These bands 
have now been produced the laboratory emission electrical discharges 
(6, 4), hydrocarbon flames (2, 3), carbon tube furnaces (12), and 
absorption flash photolysis (11). Attention has largely been confined the 
identification the molecule responsible for these bands and recently Clusius 
and Douglas (1) have definitely shown that this the triatomic molecule 

Swings, McKellar, and Rao (13) have pointed out that stellar spectra 
these bands are accompanied strong continuous absorption extending 
into the ultraviolet. Herman and Herman (5) have reported continuum 
found the radiation from discharge tube which produced the bands. 
This continuum has maximum about 4300 and was tentatively ascribed 
the molecule CH. Phillips and Brewer (12) however describe continuum 
with intensity maxima 4000 and 4300 associated with the production 
the bands carbon tube furnace. The former maximum was shown 
them emitted C;. McKellar and Richardson (10) have discussed 
the implications these continua spectra. 

part program intensity measurements spectra astrophysical 
interest, oxyhydrocarbon flames are being employed this laboratory low 
excitation energy sources. Following Kiess and Bass (8), the bands were 
readily excited the luminous region fuel rich oxyacetylene flame. 
the purpose this note report the observation strong violet 
continuum associated with these bands, which appears similar that reported 
Phillips and Brewer. Preliminary photographic intensity measurements 
spectra from different regions the flame show strong correlations between 
the bands and the continuum. 


EXPERIMENTAL 


The oxyacetylene flame was burned commercial welding torch supplied 
through flowmeters with commercial oxygen and acetylene. metal diaphragm 
with horizontal aperture served limit the region the flame observed. 
Spectra were photographed Kodak I-N plates using Bausch and Lomb 
Littrow Spectrograph with reciprocal dispersion A/mm. 4000 
Plate sensitivity calibrations were carried out with the aid Phillips 
Tungsten Filament Lamp and rotating step sector. Relative intensity 
measurements were obtained constant density photometry (14) which 
more details will published shortly. 

RESULTS 


agreement with Kiess and Bass the bands were observed the lumi- 
nous region the flame with ratios 2.5 times stoichiometric. 
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Fig. shows plot relative intensity versus wavelength over the wave- 
length range 3800 4500 for flame whose ratio was 
2.8 times stoichiometric and applies the region about mm. above the 
reaction zone. will observed that bands CH, CN, and are 


4000 4200 4400 
WAVELENGTH 

Fic. emission the bands and associated violet continuum oxy- 
acetylene flames. 
superimposed continuous background, the profile which indicated 
the dotted curve. Intensity measurements made between the open rota- 
tional structure bands enable reasonably reliable profile deter- 
mined except the immediate vicinity the bands. 

common with Phillips’ and observations maxima were observed 
4000 and 4300 though the band 4313 makes the presence 


the second maximum less certain. 
DISCUSSION 


The general features Fig. are very similar the features reported 
Phillips and Brewer for the emission spectrum from carbon furnace 2700°C. 
They investigated the variation intensity with the concentration mole- 
cules present and concluded that the broad maximum and continuous emission 
the short wavelength side 4000 was due C;. 

The variation relative intensities the features Fig. with flame 
conditions being studied. From the results far obtained appears that the 
bands are strongly associated with the continuum, and has not been 
found possible observe one without the other. Correlation between the 
intensity variations the bands and bands other emitters appears 
small. These observations favor the view held Phillips and Brewer that 
the emitter least major portion the continuum. More precise 
investigations are being made and will reported later. 
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LETTERS THE EDITOR 


Under this heading brief reports important discoveries physics may published. These 
reports should not exceed 600 words and, for any issue, should submitted not later than six weeks 
previous the first day the month tssue. proof will sent the authors. 


The Velocity and Attenuation Sound Solid Argon 


This letter preliminary report measurements the velocity and attenuation 
sound solid argon. 

Solid argon readily obtained condensing the gas into container which maintained 
the temperature liquid nitrogen, our measurements, tube barium titanate 
ceramic filled with solid argon and the resonance frequencies the enclosed plug argon 
found using one half the ceramic transmitter and the other half receiver 
acoustical energy (see Fig. 1). 


Fic. 1. The figure shows the electrical 
connections made on the ceramic. Only one of 
the two grounding strips is shown in the 
drawing. 


The duality the transducer achieved using the inner conducting surface common 
ground and dividing the outer conducting surface into two electrodes vertical insulating 
strips which run the length the ceramic. For electrical shielding, necessary and quite 
convenient separate the two outer electrodes grounding strips. 

Such transducer works well for liquids. The resonance frequencies the system are found 
noting the frequencies which maximum response occurs. The sound velocities may then 
calculated from the absolute frequencies from the frequency differences. Successive 
frequencies give velocities readily consistent within one part 2000. This technique less 
satisfactory when the cylinder filled with solid argon. Difficulties arise from apparently 
high attenuation, which estimate 0.6 per cm. 1.5 Mc. per sec. find the velocity 
1255+15 meters per sec. 78°K. and 1322+15 meters per sec. 64°K. These figures 
may compared with 1300 and 1600 78°K. and 60°K. Barker, Dobbs, and Jones (1). 
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